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Delayed motor developmental milestones have been 
reported to be associated with schizophrenia in previ-
ous studies, but no study has examined the relationship 
between early motor developmental milestones and schizo-
typy. We have examined this relationship in a prospective 
birth cohort.In the Northern Finland Birth Cohort 1966, 
data on 9 early motor developmental milestones were col-
lected prospectively from visits to child welfare centers, 
and data on adult schizotypy were collected through a 
questionnaire (N = 4557–4674). Positive schizotypy was 
measured by the Perceptual Aberration Scale (PAS), 
negative schizotypy was measured by Physical Anhedonia 
Scale (PhAS) and Social Anhedonia Scale (SAS). Three 
related scales were included: Schizoidia Scale (SCHD), 
Hypomanic Personality Scale (HPS), and Bipolar II 
Scale (BIP2). We examined the milestone–schizotypy 
associations before and after excluding cases of schizo-
phrenia from this population-based sample. Hierarchical 
regression analyses adjusted for covariates and separately 
for both genders were performed. In men, each extra 
month of delay in achievement of touching thumb with 
index finger, sitting unsupported, standing up, walking 
with support, or walking unsupported was associated with 
an increase in PAS, PhAS, or SCHD scores, or decrease 
in BIP2 score (P  <  .05). In women, each extra month 
of delay in achievement of turning from back to tummy 
was associated with an increase in PhAS and SAS scores 
(P  <  .05). Schizotypy is associated with delayed motor 
developmental milestones in early-life, but there is some 
heterogeneity with regards to types of milestones and 
gender. These findings suggest delayed motor develop-
ment confers risk across the continuum of schizophrenia 
syndrome.
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Introduction
The ��nk �etween sch�zotypy and moto� a�no�ma��t�es 
has �een suggested �ased on seve�a� find�ngs. Among that 
ev�dence �s h�ghe� p�eva�ence of neu�o�og�ca� soft s�gns 
�n �nd�v�dua�s w�th e�the� psychomet��ca��y �dent�fied 
sch�zotypy1 o� p�oneness to sch�zotypa� pe�sona��ty d�s-
o�de� (SPD).2 Fu�the�mo�e, excess�ve moto� fo�ce and �ts 
h�ghe� va��a����ty have �een found du��ng expe��menta� 
tasks �n adu�ts w�th SPD.3 A�so poo� moto� pe�fo�mance 
on the ��ne d�aw�ng task has �een ��nked w�th psycho-
met��ca��y measu�ed sch�zotypy.4 Wh��e the�e �s some 
ev�dence on the assoc�at�on �etween ea��y-��fe events (�e, 
p�acenta� we�ght, ���th we�ght, head c��cumfe�ence, etc.) 
and sch�zotypy,5 �esea�ch �ega�d�ng the ea��y ��sk facto�s 
of sch�zotypy have �ema�ned sca�ce.
Sch�zotypy can �e defined a comp�ex of pe�sona�-
�ty t�a�ts �nc�ud�ng pecu��a� �ehav�o�, odd �e��efs, and 
�educed pos�t�ve affect6,7 as we�� as a dynam�c cont�nuum 
that �ange f�om pe�sona��ty to psychos�s.8 Sch�zotypy can 
�e assessed �y pos�t�ve (�e, cogn�t�ve and pe�ceptua� d�stu�-
�ances) and negat�ve (asoc�a��ty, ane�g�a) d�mens�ons,9,10 
wh�ch pa�a��e� sch�zoph�en�a symptoms. Ind�v�dua�s 
w�th p�onounced sch�zotypy have an �nc�eased ��sk of 
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deve�op�ng sch�zoph�en�a.6,7,9,11 In a 10-yea� �ong�tud�na� 
gene�a� popu�at�on study, Kwap�� et a�8 found that �nd�-
v�dua�s w�th h�gh pos�t�ve and h�gh negat�ve sch�zotypy 
had 1.50 (95% CI = 1.16–1.94) and 1.87 (95% CI = 1.37–
2.55) t�mes h�ghe� ��sk of any-sch�zoph�en�a spect�um 
d�so�de�, �espect�ve�y. Fu�the�mo�e, genet�c find�ngs 
�nd�cate, fo� �nstance, that sch�zotypy t�a�ts measu�ed �y 
Pe�ceptua� A�e��at�on Sca�e (PAS), Soc�a� Anhedon�a 
Sca�e (SAS), Phys�ca� Anhedon�a Sca�e (PhAS), and 
Sch�zo�d�a Sca�e (SCHD) we�e assoc�ated w�th a��e�es �n 
DISC1 gene �e�ated to sch�zoph�en�a.12 Th�s and othe� 
ea��y-��fe pe��od find�ngs suggest the ��nk �etween sch�zo-
ph�en�a and sch�zotypy.
S�nce sch�zoph�en�a has �een suggested to �e a neu�ode-
ve�opmenta� d�so�de�,5,13,14 th�s theo�y can a�so �e app��ed 
fo� sch�zotypy et�o�ogy. It �s known that sch�zoph�en�a 
and sch�zotypy sha�e a num�e� of ea��y ��fe ��sk facto�s, 
eg, mate�na� �nfect�on, mate�na� d�a�etes, mate�na� smok-
�ng du��ng p�egnancy, o�stet��c comp��cat�ons, �ow ���th 
we�ght, neu�o�og�ca� soft s�gns, �ow soc�oeconom�c sta-
tus (SES), and w�nte�/autumn ���th.8,15,16 Moto� a�no�-
ma��t�es a�e anothe� common ea��y ��sk facto� �etween 
sch�zoph�en�a and sch�zotypy,1,4,17–22 and have �een sug-
gested to �e ea��y s�gn of sch�zoph�en�a ��a����ty.23–25 
A�so ea��y moto� deve�opmenta� m��estones, �e, wa�k�ng, 
s�tt�ng, o� stand�ng unsuppo�ted, have �een ��nked �n a 
meta-ana�ys�s w�th su�sequent sch�zoph�en�a,26 �ut have 
not yet �een stud�ed �n �espect to sch�zotypy. In th�s, the 
��sk facto�s �e�evant to pos�t�ve o� negat�ve d�mens�ons of 
sch�zotypy shou�d �e c�ea��y d�ffe�ent�ated, �ut th�s has 
not �een done p�ev�ous�y.
P�ev�ous�y, �n NFBC 1966, an assoc�at�on �etween 
sch�zoph�en�a and �ate� ach�evement of stand�ng w�thout 
suppo�t o� wa�k�ng w�thout suppo�t was found on�y �n 
men.27 Fu�the�mo�e, h�ghe� vu�ne�a����ty of a ��a�n and 
p�ed�spos�t�on to neu�odeve�opmenta� anoma��es was 
found �n men who deve�oped sch�zoph�en�a compa�ed to 
women.27–30 Laht� et a�5 showed gende� d�ffe�ence a�so �n 
types of ea��y ��sk facto�-sch�zotypy assoc�at�ons. Last�y, 
acco�d�ng to a meta-ana�ys�s,31the�e was gende� d�ffe�-
ence a�so �n the p�eva�ence of sch�zotypa� t�a�ts. Men had 
h�ghe� negat�ve sch�zotypy (�e, phys�ca� and soc�a� anhe-
don�a), �ut no gende� d�ffe�ences we�e o�se�ved �n pos�-
t�ve sch�zotypy (�e, pe�ceptua� a�e��at�on). These find�ngs 
suppo�t that assoc�at�ons �etween m��estones and sch�zo-
typy shou�d �e stud�ed sepa�ate�y �n �oth gende�s.
Resea�ch �s needed to �dent�fy whethe� ea��y moto� 
deve�opmenta� m��estones p�ay a s�m��a� �o�e �n et�o�ogy 
of sch�zotypy as �n sch�zoph�en�a. The a�m of the p�esent 
study was to �nvest�gate �n the �a�ge NFBC 1966 the asso-
c�at�on �etween ea��y moto� deve�opmenta� m��estones 
and sch�zotypy tak�ng �nto account gende� and sch�zo-
typy d�mens�ons. We hypothes�zed that de�ay �n ea��y 
moto� deve�opmenta� m��estones wou�d �e assoc�ated 




Data we�e de��ved f�om the 31-yea� fo��ow-up of the 
NFBC 1966 (n = 12 058 ��ve ���ths) fo��owed p�ospect�ve�y 
s�nce mothe�’s p�egnancy. A coho�t su�ject was exc�uded 
�f  she/he (1) had menta� d�sa����ty (ICD-8: 310–315, ICD-
9: 317–319, ICD-10: F70–F79), (2) sco�ed mo�e than 3 on 
the Inf�equency sca�e wh�ch �dent�fies �andom �esponse 
patte�ns, (3) den�ed access to data, (4) was a tw�n, and 
(5) had a�� m��estones and a�� sch�zotypy sca�es data m�ss-
�ng (supp�ementa�y figu�e  1). The data fo� psychoses 
we�e co��ected f�om seve�a� nat�onw�de �eg�ste�s: (1) Ca�e 
Reg�ste� fo� Hea�th Ca�e; (2) F�nn�sh outpat�ent �eg�ste�s; 
(3) Soc�a� Insu�ance Inst�tut�on �eg�ste�s: �e�m�u�sa��e 
med�c�nes, s�ck days, and d�sa����ty pens�ons; (4) F�nn�sh 
Cent�e fo� Pens�ons: d�sa����ty pens�ons and d�agnosed 
acco�d�ng to ICD-8: 295, 2954, 2957, 2960–2969, 297, 
298, 2980, 299; ICD-9: 295, 2954, 2957, 2961E, 2962E, 
2963E, 2964E, 2967, 297, 2988, 2989; o� ICD-10: F20, 
F22-24, F25, F28-29, F302, F312, F315, F323, F333 and 
p�ev�ous�y �epo�ted.26,32 The most �ecent data on psycho-
ses and menta� d�sa����ty we�e o�ta�ned f�om the 47 yea� 
fo��ow-up (Decem�e� 2013)  �y ��nkage w�th a�� ava��a-
��e hea�th �eg�ste�s. Sch�zotypy can �e �oth stud�ed w�th 
�nd�v�dua�s who deve�oped c��n�ca� psychos�s and w�thout 
them. Thus, we compa�ed the found �esu�ts of assoc�a-
t�ons �etween ea��y moto� deve�opmenta� m��estones and 
sch�zotypy �f  sch�zoph�en�a cases we�e �nc�uded o� not. 
The samp�e that �nc�uded sch�zoph�en�a cases cons�sted 
of 4674 pa�t�c�pants: 2602 women and 2072 men (sup-
p�ementa�y ta��e 1). The�e we�e 117 cases of psychos�s, 
who fu�fi��ed �nc�us�on c��te��a and d�d not have m�ss�ng 
data on at �east one m��estone and at �east one sca�e (fo� 
fu�� ��eakdown of d�agnos�s p�ease see supp�ementa�y 
ta��e  2). The samp�e w�th exc�uded sch�zoph�en�a cases 
cons�sted of 4557 pa�t�c�pants: 2529 women and 2028 
men. The num�e� of m�ss�ng data va��ed depend�ng on 
sca�e o� m��estone �e�ng stud�ed (supp�ementa�y figu�e 1). 
Thus, the samp�e s�zes va��ed �n d�ffe�ent ana�yses, wh�ch 
a�e a�so �epo�ted �n ta��e 1.
Early Motor Developmental Milestones
Data on 9 ea��y moto� deve�opmenta� m��estones we�e 
co��ected f�om v�s�ts to F�nn�sh ch��d we�fa�e cente�s. 
These m��estones �nc�uded wa�k�ng unsuppo�ted, stand-
�ng unsuppo�ted, wa�k�ng w�th suppo�t, capa��e to stand 
up (��ft themse�ves), touch�ng thum� w�th �ndex finge�, 
s�tt�ng unsuppo�ted, tu�n�ng f�om �ack to tummy, make 
a g��p on an o�ject (g�a� o�ject), ho�d�ng the head up. 
The ach�evement of m��estones was assessed �y med�-
ca� pe�sonne� at app�ox�mate�y month�y �nte�va�s32 and 
�eco�ded on a sepa�ate we�fa�e ca�d as a standa�d p�ac-
t�ce �n F�n�and. The data on m��estones we�e co��ected at 
an age of at �east 11.5 month o� �ate� �n 96% of cases.33 
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The mean num�e� of appo�ntments du��ng the fi�st yea� 
was 10.27 If  a pa�t�c�pant m�ssed an appo�ntment, then 
�nfo�mat�on on m��estones we�e �eco�ded du��ng the next 
v�s�t �et�ospect�ve�y.
Schizotypy
Among sca�es measu��ng sch�zotypa� t�a�ts, pos�t�ve 
sch�zotypy �s measu�ed �y the Pe�ceptua� A�e��at�on 
Sca�e (PAS) and negat�ve sch�zotypy �y the Soc�a� 
Anhedon�a Sca�e (SAS) and the Phys�ca� Anhedon�a 
Sca�e (PhAS).6,34,35 Fu�the�mo�e, SAS, PAS, and PhAS 
have shown a st�ong p�ed�ct�ve a����ty fo� psychos�s.9,36,37 
Th�s �s a�so t�ue fo� the Hypoman�c Pe�sona��ty Sca�e 
(HPS) and the Sch�zo�d�a Sca�e (SCHD).37 Last�y, an 
ove��ap �etween sch�zoaffect�ve and ��po�a� d�so�de� was 
found,38 and the�efo�e the B�po�a� II Sca�e (BIP2)39 was 
a�so �nc�uded.
Thus, the 6 sca�es �n the p�esent study we�e 3 sca�es 
measu��ng sch�zotypy: (1) PAS w�th 35 �tems,35 (2) �ev�sed 
PhAS34 w�th 61 �tems, and (3) SAS34 w�th 40 �tems; and 3 
�e�ated sca�es: (4) HPS40 w�th 48 �tems, (5) SCHD w�th 7 
�tems,41 and (6) BIP239w�th 31 �tems.
H�gh sco�es on sch�zotypy sca�es cha�acte��ze a pe�son-
a��ty w�th d�sto�ted pe�cept�on of one own’s �ody and othe� 
o�jects (PAS), �ack of �nte�est �n soc�a� �nte�act�on (SAS), 
and a �owe�ed a����ty to expe��ence phys�ca� and senso�y 
p�easu�es (PhAS).34,35 H�gh sco�es on sch�zotypy-�e�ated 
sca�es desc���e t��e�ess and ����ta��e �nd�v�dua�s (HPS), 
p�one to ��po�a� d�so�de� (BIP2) and hav�ng psychot�c 
t�a�ts (SCHD).39–41 The quest�onna��e, cons�st�ng of sca�es 
w�th t�ue/fa�se quest�ons (sco�ed 0/1), was adm�n�ste�ed to 
�nd�v�dua�s �n the 31-yea� fo��ow-up. The sca�es have �een 
t�ans�ated f�om Eng��sh to F�nn�sh and �ackt�ans�ated.
Covariates
We se�ected the fo��ow�ng ava��a��e potent�a� confound-
e�s �ased on p��o� �esea�ch �nd�cat�ng that they a�e ��ke�y 
to �e assoc�ated w�th sch�zoph�en�a and sch�zoph�en�a-
�e�ated outcomes: pa�enta� psychos�s, fathe�’s SES, p�ace 
of �es�dence, and pa�enta� age.42,43 We have a�so con-
s�de�ed ���th we�ght, when study�ng moto� m��estones 
assoc�at�ons w�th PAS.5 Info�mat�on �ega�d�ng pa�enta� 
psychoses we�e o�ta�ned f�om nat�onw�de �eg�ste�s and 
the�e we�e 272 (5.8%) �nd�v�dua�s w�th a h�sto�y of pa�en-
ta� psychoses (supp�ementa�y ta��e  1). The d�st���ut�on 
of d�agnoses was as fo��ows: 84 sch�zoph�en�a na��ow, 52 
de�us�ona� d�so�de�, 8 sch�zoaffect�ve d�so�de�, 22 ��po-
�a� d�so�de� w�th psychot�c featu�es, 57 majo� dep�ess�ve 
ep�sodes w�th psychot�c featu�es, 18 ���ef  psychoses, 24 
othe� nono�gan�c psychoses, and 7 unspec�fied psychoses.
Statistical Analysis
We stud�ed sch�zotypy sca�es as cont�nuous va��a��es 
and the sca�es we�e exam�ned fo� no�ma��ty.44 On�y PAS 
and SAS �equ��ed t�ansfo�mat�on. Thus, PAS was �og-
t�ansfo�med and SAS was squa�e-�oot t�ansfo�med.44 We 
�epo�t �esu�ts �oth fo� t�ansfo�med and o��g�na� sca�es. 
Un�va��ate ��nea� and h�e�a�ch�ca� ��nea� �eg�ess�on ana�-
yses w�th cova��ates we�e done sepa�ate�y fo� �oth gen-
de�s. In add�t�on, a�� these ana�yses we�e pe�fo�med w�th 
o� w�thout sch�zoph�en�a cases. To exp�o�e assoc�at�ons 
�etween cova��ates, exposu�es, and outcomes Pea�son’s 
o� po�ycho��c co��e�at�ons we�e app��ed.
To exp�o�e the effect of pa�enta� psychos�s on assoc�a-
t�on �etween ea��y moto� deve�opmenta� m��estones and 
sch�zotypy we conducted mu�t�va��ate ��nea� �eg�ess�on 
w�thout �nd�v�dua�s w�th h�sto�y of pa�enta� psychos�s. 
A�� ana�yses we�e pe�fo�med �n SPSS 21, except po�y-
cho��c co��e�at�ons, wh�ch we�e pe�fo�med �n R 3.3.2.
Results
Association Between Early Motor Developmental 
Milestones and Schizotypy When Schizophrenia Cases 
Are Included
In men, each ext�a month of de�ay �n ach�evement of 
wa�k�ng w�th suppo�t, capa����ty to stand up, touch-
�ng thum� w�th �ndex finge� we�e assoc�ated w�th a 0.12 
(R2 = .010; P = .012), 0.14 (R2 = .007, P = .038) and 0.25 
(R2 = .030, P = .002) �nc�ease and �n PAS sco�e (ta��e 1). 
Howeve�, afte� the sca�e t�ansfo�mat�on on�y assoc�at�ons 
�etween wa�k�ng w�th suppo�t and touch�ng thum� w�th 
�ndex finge� �ema�ned s�gn�ficant (R2  =  .007, P  =  .034; 
R2 = .015, P = .005; ta��e 2). Each ext�a month of de�ay �n 
ach�evement of the capa����ty to stand up was assoc�ated 
w�th a 0.36 �nc�ease and s�tt�ng unsuppo�ted w�th a 0.39 
�nc�ease �n PhAS sco�e (R2 = .010, P = .026, R2 = .012, 
P  =  .040). A�so �n men, each ext�a month of de�ay �n 
ach�evement of touch�ng thum� w�th �ndex finge� and 
tu�n�ng f�om �ack to tummy we�e assoc�ated w�th a 0.09 
�nc�ease �n SCHD sco�e (R2 = .019, P = .017; R2 = .024, 
P = .011). In cont�ast, a de�ay �n ach�evement of wa�k�ng 
unsuppo�ted and make a g��p on o�ject we�e assoc�ated 
w�th a 0.13 and 0.33 dec�ease �n BIP2 sco�e (R2 = .007, 
P = .047; R2 = .013, P = .038; ta��e 1).
In women, each ext�a month of de�ay �n ach�evement 
of tu�n�ng f�om �ack to tummy was assoc�ated �oth w�th 
a 0.32 �nc�ease �n PhAS (R2 = .013, P = .017) and a 0.31 
�nc�ease �n SAS (R2 = .017, P = .005). Each ext�a month 
de�ay �n ach�evement of s�tt�ng unsuppo�ted was assoc�ated 
w�th 0.27 �nc�ease �n SAS sco�e (R2 = .016, P = .015), �ut 
on�y �n the ana�ys�s w�th a nont�ansfo�med sca�e (ta��e 2).
Associations Between Early Motor Developmental 
Milestones and Schizotypy When Schizophrenia Cases 
Were Excluded
In men, each ext�a month of de�ay �n ach�evement of 
wa�k�ng w�th suppo�t and touch�ng thum� w�th �ndex 
finge� we�e assoc�ated w�th a 0.09 (R2 = .011; P = .044) 
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and 0.22 (R2 = .024, P = .006) �nc�ease and �n PAS sco�e 
(ta��e 1). On�y assoc�at�on �etween touch�ng thum� w�th 
�ndex finge� and PAS �ema�ned s�gn�ficant �n t�ansfo�med 
sca�e ana�ys�s (ta��e 2).
Each ext�a month de�ay �n touch�ng thum� w�th �ndex 
finge� was assoc�ated w�th 0.08 �nc�ease SCHD sco�e 
(R2 = .018, P = .008) and each month de�ay �n wa�k�ng unsup-
po�ted was assoc�ated w�th 0.15 dec�ease �n BIP2 (R2 = .008, 
P = .021; ta��e 1). De�ay �n m��estones was not s�gn�ficant�y 
assoc�ated w�th PhAS o� SAS (ta��e 1 and ta��e 2).
In women, each ext�a month of de�ay �n ach�evement 
of tu�n�ng f�om �ack to tummy was assoc�ated �oth w�th 
a 0.35 �nc�ease �n PhAS (R2 =  .015, P =  .010) and 0.30 
�nc�ease �n SAS (R2 = .017, P = .007). Each ext�a month 
de�ay �n s�tt�ng unsuppo�ted was assoc�ated w�th 0.26 
�nc�ease �n SAS sca�e (R2 = .019, P = .049), �ut on�y �n the 
ana�ys�s w�th a nont�ansfo�med sca�e (ta��e 1 and ta��e 2).
Early Motor Developmental Milestones and Clinically 
Diagnosed Schizotypy When Schizophrenia Cases 
Included
The�e we�e 32 cases of c��n�ca��y d�agnosed sch�zotypy 
out of wh�ch 24 deve�oped sch�zoph�en�a.
Men w�th c��n�ca��y d�agnosed sch�zotypy ach�eved 
wa�k�ng w�th suppo�t, stand�ng unsuppo�ted, and wa�k�ng 
unsuppo�ted s�gn�ficant�y �ate� compa�ed to those w�thout 
d�agnos�s (P < .05) No d�ffe�ences we�e found �n women.
Associations Between Covariates, Exposures, and 
Outcomes (Schizophrenia Cases Included)
In men, advanced pate�na� age was assoc�ated w�th 
�nc�ease �n PAS, SCHD, BIP2 sca�es and de�ay �n a�� m��e-
stones, except s�tt�ng unsuppo�ted, tu�n�ng f�om �ack to 
tummy, and ho�d�ng the head up. Advanced mate�na� age 
was assoc�ated w�th �nc�ease �n SCHD sca�e sco�es and 
w�th de�ay �n a�� m��estones, except ho�d�ng the head up 
(�esu�ts not shown).
In women, advanced pate�na� age was assoc�ated w�th 
de�ay �n a�� m��estones and �nc�ease �n PAS, PhAS, SAS, 
and SCHD sca�e. Advanced mate�na� age was assoc�ated 
w�th �nc�ease �n SAS sca�e and de�ay �n a�� m��estones, 
except mak�ng a g��p on o�ject and ho�d�ng the head up 
(�esu�ts not shown).
The �esu�ts of co��e�at�ons �etween catego��ca� cova��-
ates (pate�na� psychos�s, p�ace of �es�dence, and fathe�’s 
SES) and m��estones o� sca�es showed that majo��ty of 
s�gn�ficant co��e�at�ons w�th exposu�es and outcomes we�e 
�etween p�ace of �es�dence o� fathe�’s SES �n men and �f  
sch�zoph�en�a cases we�e �nc�uded (supp�ementa�y ta��e 3).
Influence of Parental Psychosis on Associations 
Between Early Motor Developmental Milestones and 
Schizotypy
We compa�ed the �esu�ts of s�gn�ficant m��estones–sca�es 
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w�th h�sto�y of pa�enta� psychoses we�e e�the� �nc�uded 
o� exc�uded. In the samp�e whe�e �nd�v�dua� sch�zoph�e-
n�a cases we�e �nc�uded, 2 assoc�at�ons �ecame �ns�gn�fi-
cant (supp�ementa�y ta��e 4). When �oth �nd�v�dua�s w�th 
sch�zoph�en�a and h�sto�y of pa�enta� psychoses we�e 
exc�uded, 2 add�t�ona� s�gn�ficant assoc�at�ons we�e found 
and 1 �ecame �ns�gn�ficant (supp�ementa�y ta��e 4).
Discussion
Seve�a� m��estones we�e assoc�ated w�th sch�zotypy at the 
age of 31 yea�s, �ut th�s va��ed �n �ega�ds to gende� and 
the used sca�e. In gene�a�, a de�ay of m��estone was assoc�-
ated w�th h�ghe� sco�es on sca�es �e�ated to pos�t�ve (PAS) 
and negat�ve sch�zotypy (SAS and PhAS), and on the 
SCHD sca�e, �ut �n the BIP2 the assoc�at�on was negat�ve.
Schizotypy in Relation to Schizophrenia
Ea��y moto� deve�opmenta� m��estones (stand�ng up, 
stand�ng w�thout suppo�t, wa�k�ng w�thout suppo�t) 
have a�so �een p�ev�ous�y ��nked w�th adu�t sch�zoph�e-
n�a.26 In add�t�on, Laht� et  a�5 found that seve�a� ea��y 
��fe facto�s, eg, �owe� p�acenta� and ���th we�ght, sma��e� 
head c��cumfe�ence at 12 months, and mate�na� smok�ng, 
we�e p�ed�ct�ve fo� pos�t�ve o� negat�ve sch�zotypy �n men 
o� women.
Thus, �ased on these p�ev�ous NFBC 1966 stud�es, �t 
was not su�p��s�ng that �n ou� study a de�ay �n ea��y moto� 
deve�opmenta� m��estones was assoc�ated w�th �nc�ease 
�n sch�zotypy. Mo�e s�gn�ficant m��estones–sch�zotypy 
assoc�at�ons we�e found �f  �nd�v�dua�s w�th sch�zoph�e-
n�a we�e �nc�uded (9 vs 5). It was �og�ca� that the samp�e 
that �nc�udes these seve�e cases was assoc�ated w�th mo�e 
moto� de�ays. Howeve�, the �ema�ned assoc�at�ons we�e 
�etween the same m��estone-sca�e as �n the ana�ys�s w�th 
sch�zoph�en�a cases. A�� th�s cou�d fu�the� suggest a ��nk 
�etween sch�zotypy and sch�zoph�en�a, even �f  some of 
the�� assoc�ated m��estones m�ght va�y. Two m��estones 
we�e assoc�ated w�th a dec�ease �n BIP2 sco�es �n men, 
wh�ch cou�d suggest that ea���e� moto� deve�opment 
m�ght a�so somet�mes even have negat�ve �mpact on pe�-
sona��ty, o� �e at �east assoc�ated fo� �nstance w�th �ack 
of �nh���t�on.45 Howeve�, as BIP2 s�gn�ficant�y pos�t�ve�y 
co��e�ated w�th othe� sch�zotypa� t�a�ts �n �oth sexes 
(�esu�ts not shown), th�s find�ng �s p�o�a��y �y chance. 
St���, fu�the� �esea�ch �s needed.
Inte�est�ng�y, some stud�es have suggested that a�no�-
ma��t�es �n neu�odeve�opmenta� ma�ke�s a�e spec�fic fo� 
negat�ve d�mens�ons of sch�zotypy.1,46 Howeve�, find-
�ngs of the p�esent study as we�� as a �ecent �ev�ew �y 
Ba��antes-�da� et  a�11 have showed that neu�odeve�op-
ment dev�at�ons a�e a�so assoc�ated w�th pos�t�ve d�men-
s�ons of sch�zotypy. The m��estones assoc�ated w�th 
c��n�ca��y d�agnosed sch�zotypy we�e the same that we�e 
assoc�ated p�ev�ous�y w�th sch�zoph�en�a �n meta-ana�y-
s�s.26 Howeve�, the samp�e s�ze was sma�� and d�agnos�s 
of sch�zotypy has not �een va��dated. Thus, th�s �esea�ch 
quest�on �equ��es �mp�ovement of the qua��ty of the data 
and �ep��cat�on.
Gender Differences in Associations Between Early 
Motor Developmental Milestones and Schizotypy
H�ghe� sco�es on negat�ve sch�zotypy, �ut �owe� sco�es 
on pos�t�ve sch�zotypy we�e found �n men compa�ed to 
women. The �esu�ts on gende� d�ffe�ences �n negat�ve 
sch�zotypy a�e �n ��ne w�th a �ecent meta-ana�ys�s, �ut no 
d�ffe�ences on a pos�t�ve sch�zotypy have �een p�ev�ous�y 
found.31
It has �een �epo�ted that men at h�gh ��sk of sch�zo-
ph�en�a had poo�e� p�emo���d soc�a� funct�on�ng and 
g�eate� exte�na��z�ng �ehav�o� compa�ed to women.47,48 
P�esch�zoph�en�c women, �ut not men, fo��owed s�nce 
�nfancy to ado�escence have exp�essed joy to a �owe� 
extent than the�� same sex s����ngs.49 Acco�d�ng to 
anothe� study, women suffe��ng f�om sch�zoph�en�a had 
mo�e adve�se affect�ve symptoms (�e, ����ta����ty, dyspho-
��a, host���ty, �mpu�s�v�ty, etc.), aud�to�y ha��uc�nat�ons 
and de�us�ons of �e�ng pe�secuted, wh��e men had mo�e 
negat�ve symptoms (�e, poo� speech, amot�vat�on, soc�a� 
w�thd�awa�, and ��unted affect).47 In add�t�on, the �nc�-
dence of sch�zoph�en�a has �een h�ghe� among men, �ut 
no gende� d�ffe�ences have �een found �n the �nc�dence 
of a�� psychoses.48 The�efo�e, �t was suggested that men 
and women a�e p�ed�sposed to d�ffe�ent su�types of 
sch�zoph�en�a, the sch�zoaffect�ve type �e�ng mo�e com-
mon among women.28 Fu�the�, �t was suggested that men 
a�e mo�e vu�ne�a��e to neu�omoto� a�no�ma��t�es than 
women.27–30 Th�s can poss���y exp�a�n why we found mo�e 
ea��y moto� deve�opmenta� m��estone–sch�zotypy assoc�-
at�ons (�e, w�th �oth pos�t�ve and negat�ve sch�zotypy and 
psychot�c t�a�ts) �n men, wh��e �n women on�y two moto� 
m��estone–negat�ve sch�zotypy assoc�at�on we�e found.
Inte�est�ng�y, d�ffe�ent types of m��estones p�ed�cted 
d�ffe�ent sch�zotypy t�a�ts �n men and women. Fo� exam-
p�e, wa�k�ng w�th suppo�t was assoc�ated w�th PAS �n men 
and tu�n�ng f�om �ack to tummy w�th SAS and PhAS �n 
women. Howeve�, the �easons �eh�nd gende� d�ffe�ences 
�n the types of m��estones assoc�ated w�th sch�zotypy st��� 
need fu�the� �esea�ch.
Strengths and Limitations
To ou� know�edge, th�s �s the fi�st study exp�o��ng an asso-
c�at�on �etween ea��y moto� deve�opmenta� m��estones 
and sch�zotypy. It adds ev�dence �y show�ng d�ffe�ences 
and s�m��a��t�es �etween m��estones–sch�zotypy and m��e-
stones–sch�zoph�en�a assoc�at�ons. Its othe� st�engths 
a�e a �a�ge homogeneous samp�e and p�ospect�ve�y co�-
�ected data on seve�a� ea��y moto� deve�opmenta� m��e-
stones. Inc�uded sca�es on sch�zotypy have �een shown to 
�e usefu� �n the �dent�ficat�on of �nte�med�ate psychos�s 
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phenotypes.9,37 In the cu��ent study, those w�th m�ss�ng 
data d�ffe�ed f�om pa�t�c�pants w�th comp�ete data on gen-
de� and pa�enta� age. Th�s �s s�m��a� to a p�ev�ous study on 
sch�zotypy sca�es �n NFBC 1966, whe�e they d�ffe�ed on 
gende� and educat�ona� �eve�. The add�t�ona� ana�ys�s con-
ducted �n th�s p�ev�ous study showed that nonpa�t�c�pat�on 
was un��ke�y to �nfluence the �esu�ts.37 The�efo�e, as we ut�-
��ze the same samp�e, att��t�on shou�d not �a�ge�y affect the 
�esu�ts of the cu��ent study. Pa�enta� psychos�s had some 
effect on m��estones–sca�es assoc�at�ons, wh�ch va��ed 
depend�ng on whethe� sch�zoph�en�a cases we�e �nc�uded 
o� not. P�ev�ous�y �n NFBC 1966, Kesk�nen et a�32 found 
that �n �oth g�oups w�th and w�thout pa�enta� psychos�s 
de�ay �n ach�evement of ea��y moto� deve�opmenta� m��e-
stones was assoc�ated w�th �nc�eased ��sk of sch�zoph�e-
n�a. St���, �n the cu��ent a�t�c�e we took �n cons�de�at�on 
the effect of pa�enta� psychos�s �n the ana�yses �y add�ng �t 
as a cova��ate. As add�t�ona� ��m�tat�on, �t shou�d �e men-
t�oned that ea��y moto� deve�opmenta� m��estones a�e a�so 
assoc�ated w�th �ow cogn�t�ve funct�on�ng,50 a�coho� depen-
dence,51 and a �eve� of neu�ot�c�sm.45 The�efo�e, these m��e-
stones may �ack spec�fic�ty as ��sk facto�s fo� sch�zotypy 
o� sch�zoph�en�a.52 The�efo�e, these ��m�tat�ons cou�d have 
�esu�ted �n �oth unde�- and ove�est�mat�on of the stud�ed 
assoc�at�ons. Wh��e we �nc�uded some of potent�a� facto�s 
as cova��ates, the ��sts cou�d have �een ��oade� �nc�ud�ng, 
eg, ea��y neg�ect o� �educed st�mu�at�on du��ng �nfancy.45 
Howeve�, these cova��ates we�e not ava��a��e.
Conclusions
The find�ngs suppo�t an assoc�at�on of adu�t sch�zotypy 
t�a�ts w�th ea��y moto� deve�opmenta� m��estones and, 
thus, �nd��ect�y �ts ��nk w�th sch�zoph�en�a. Howeve�, 
the �esu�ts va��ed �y the type of m��estones, sca�es, and 
gende�. Neu�o��o�og�ca� exp�anat�ons of m��estone–t�a�t 
assoc�at�on �equ��e fu�the� exam�nat�on.
Supplementary Material
Supp�ementa�y data a�e ava��a��e at Schizophrenia 
Bulletin on��ne.
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